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Abstract 1 
The hammer throw is perhaps one of the most misunderstood and difficult events to learn in 2 
track and field. Improvements in technique are focused on strategies designed to increase 3 
implement release velocity. The purpose of this cross-sectional investigative study was to 4 
examine the association between the angle of separation between the throax and pelvis and 5 
performance in the hammer throw.  Two male and four female throwers were used to assess 6 
positional data of the hammer, thorax, and pelvis. Hammer positional data was used to 7 
determine linear hammer speed at release, release angle, and release height. Thorax and pelvis 8 
positional data were used to determine thorax rotation relative to the pelvis (separation angle). 9 
The association between values of separation angle at key instances and performance was 10 
examined. Performance was determined by distance thrown (55.69 ± 3.42 m). Release speeds 11 
(24.32 ± 0.70 m/s) were also examined as a contributory factor towards performance and were 12 
included to account for instances where throwers released the hammer using sub-optimal 13 
release heights and angles which negatively affected distance thrown. The separation angle at 14 
its smallest within each turn was found to have a strong negative association with the 15 
performance indicators, especially in the first two turns (significant correlates ranged from -16 
0.82 to -0.97). This finding indicates when throwers reduced the separation to a smaller value, 17 
performance was enhanced. Separation angle was at its smallest in double support. This 18 
suggests that throwers may improve performance by reducing the separation angle during 19 




hammer, throwing, rotation, kinematics, thorax, pelvis.  24 
Introduction 25 
 26 
The hammer throw is one of four throwing disciplines in track and field. The aim is to throw 27 
the hammer the greatest distance. Once released, the hammer undergoes projectile motion 28 
meaning the kinematics of the hammer at release are of high importance to throw success, 29 
which is measured by distance thrown. Release speed, release angle, and release height will 30 
specifically influence distance thrown. Two of the release parameters have optimal values for 31 
a thrower. Release height should be as high as possible and will vary for each thrower 32 
depending on anatomical constraints such as body height.1,2,3 The optimal release angle for 33 
each thrower will be less than 45° in all instances as the hammer is released above the ground. 34 
Once a thrower has developed technique where angle and height are optimized, progression in 35 
performance can only be attained through increasing the release speed. Coaches then focus on 36 
developing the athlete’s technique and fitness in a way that will enhance the hammer release 37 
speed.1 Utilizing this approach to coaching allows the throws coach to make more accurate 38 
adjustments and devise training stimuli to improve performances. 39 
 The hammer throw is technically difficult and critical components of the athlete’s 40 
kinematics are sometimes misunderstood.2 Hammer speed is directly manipulated by the 41 
thrower applying a force to the hammer’s cable (cable force) whilst performing turns across 42 
the throwing circle.2,4 Hammer speed fluctuates within each turn as a result of the tangential 43 
component of the cable force (tangential force) alternating between acting in the same (positive 44 
tangential force; Figure 1a) and opposite (negative tangential force; Figure 1b) direction as the 45 
hammer linear velocity.1,4 Thorax (or torso) movement is thought to strongly influence speed 46 
development.5,6 Shoulder movement relative to the pelvis has been discussed within coaching 47 
literature and is commonly referred to as shoulder-hip separation angle within that domain. 48 
Less discussion on shoulder-hip separation has taken place within scientific literature.7,8  49 
Shoulder-hip separation angle and thorax-pelvis separation angle, a similar measure, 50 
have been examined more thoroughly in other sporting disciplines that involve thorax rotations 51 
such as discus and golf. Thorax-pelvis separation differs from shoulder-hip separation in the 52 
manner in which it is calculated. Thorax-pelvis separation is computed by examining thorax 53 
alignment relative to the pelvis. Shoulder-hip separation is computed by examining shoulder 54 
alignment relative to the pelvis. Previous work has found strong agreement between these two 55 
angles9,10 except when a large amount of scapula movement occurs.9,10 In disciplines where 56 
thorax-pelvis separation has been examined, strong associations have been observed between 57 
thorax and pelvis movement and performance.11,12 Strong associations with performance have 58 
also been observed in studies that have quantified shoulder-hip interactions.13,14,15  59 
 60 
 61 
Figure 1. Action of the tangential component of the cable force when it is (a) positive (acting 62 
in the same direction as the linear velocity vector, β < 90°) and (b) negative (acting in the 63 
opposite direction to the linear velocity vector, β > 90°). 64 
 65 
In the hammer throw it is accepted that the pelvis leads the thorax during most of the 66 
throw, and the angle between these segments (separation angle) increases during single support 67 
and decreases during double support.6,16 Morley5 and Morriss and Bartlett16 suggested throwers 68 
should allow separation to increase during single support which allows the thrower to utilize 69 
their trunk muscles to increase hammer speed in the proceeding double support phase. High 70 
level throwers reportedly use this approach, including the current men’s world record holder 71 
Yuriy Sedykh.6 Allowing separation to become large in single support is a technical cue that is 72 
often misunderstood and over-coached. Allowing the separation to become too large can be 73 
detrimental, as it can lead to large decreases in speed,17 and can result in an unstable body 74 
position going into the subsequent turn.7 There have been anecdotal suggestions for optimal 75 
magnitudes of angle based on the findings of a sample of throwers.17 One recommendation 76 
confirmed by scientific measurement is that the magnitude of separation at the conclusion of 77 
single support be between 20 and 40°.17 It has also been recommended that the single support 78 
phase can be more effective when throwers reduce the separation angle during the double 79 
support phase.5,8,18 Although a number of recommendations have been made by coaches 80 
regarding separation at instances in the throw, limited research exists that examines the 81 
relationship between the separation angle and performance. Further investigation is required as 82 
conclusions drawn from biomechanical data can result in significant differences in athlete 83 
performance. 84 
 The purpose of this cross-sectional investigative study was to examine the association 85 
between the angle of separation between the thorax and pelvis  and performance in the hammer 86 
throw. The objective of this study was to provide athletes and coaches with knowledge and 87 
insight into how they may improve performance through the manipulation of torso and pelvis 88 





Two male (height: 1.92 ± 0.01 m; body mass: 110.39 ± 0.24 kg) and four female (height: 1.71 94 
± 0.05 m; body mass: 103.73 ± 23.52 kg) hammer throwers participated in this study. All 95 
participants gave written informed consent to participate in this study which was given ethical 96 
approval by an Institutional Human Research Ethics Committee. 97 
Each participant was in the competition phase of the Australian athletics domestic 98 
season and competed in the final of the Australian Athletics Open Athletics Championships 99 
(National Championships). At the time of data collection, this pool of participants included the 100 
best Australian male and female four turn hammer throwers. The sample size was small, 101 
however, the inclusion criteria of being a four turn thrower and competing at the National 102 
Championships restricted further recruitment. The small sample also meant genders needed to 103 
be pooled together which is discussed further in the Discussion. 104 
 105 
Data Acquisition 106 
Participants performed ten throws with a competition certified standard hammer (7.26 kg for 107 
males and 4 kg for females). Throw distance was measured in accordance with the IAAF 108 
(International Association of Athletics Federations) competition protocols.19 Each hammer had 109 
two retro-reflective markers positioned on the hammer’s cable at known distances from the 110 
center of the hammer’s head. Retro-reflective markers were also positioned over the following 111 
anatomical landmarks using the Plug-in-Gait maker placement protocol (Oxford Metrics, 112 
Oxford, UK). The markers specifically used to compute variables in this study were: left and 113 
right acromion process, sterno-clavicular notch, xiphoid process, spinous process of the C7 114 
vertebra, spinous process of the T10 vertebra, left and right anterior superior iliac spine, and 115 
left and right posterior superior iliac spine (Figure 2).  116 
A 21 infra-red camera system (Oxford Metrics, Oxford, UK) sampling at 250 Hz 117 
recorded three dimensional marker coordinate data. Testing was performed at an outdoor 118 
athletics facility after twilight conditions due to the use of infra-red cameras. All video footage 119 
was collected and examined within Vicon Nexus software (Oxford Metrics, Oxford UK) using 120 
processing and filtering protocols previously described in the literature.4 121 
 Thorax and pelvis markers were used to determine the angle of separation between the 122 
thorax and pelvis (Figure 3) in each throw. As was noted in the introduction, this is a measure 123 
similar to shoulder-hip separation and was chosen over shoulder-hip separation to remove the 124 
influence that scapula movement has on this angle, which causes over or under-estimation.9,10,20 125 
There is strong agreement between these measures when minimal scapula movement occurs,9,10 126 
and it was thought examining the angle between the thorax and pelvis would give a more 127 
accurate representation of how the thorax and pelvis are moving during the hammer throw. 128 
Pelvis markers were used to define the origin of the pelvis rigid segment (Figure 2) based on 129 
the methods described by Davis and Colleagues21 and guidelines of the International Society 130 
of Biomechanics.22 Torso markers were used to define the origin of the thorax rigid segment 131 
(Figure 2) based on guidelines of the International Society of Biomechanics.23 These segment 132 
definitions have also been used to examine torso and pelvis interactions in other sports such as 133 
golf.24 Thorax rotations relative to the pelvis were defined using Euler angles with an y-x-z 134 
rotation sequence21,25 where the separation was the third rotation of this sequence. Time series 135 
graphs of the separation angle were examined to build an understanding of how the angle 136 
changes during the hammer throw.  137 
 138 
 139 
Figure 2. (a) Markers and origins of the thorax and pelvis segments. X axis of each origin (not 140 
shown) is perpendicular to the z-y plane. (b) Placement of torso and pelvis markers on a 141 
thrower. Only anterior markers shown. Other visible markers in these images were not used in 142 




Figure 3. Overhead view of the separation angle. Angle is defined as being (a) positive (pelvis 147 
leading thorax) and (b) negative (thorax leading pelvis) for a right-handed thrower. 148 
 149 
Hammer marker positional data and direction cosines were used to determine hammer 150 
head position.4 Hammer head positional data were used to determine linear hammer speed, 151 
release angle, and release height. These data were used to assess the performance of each 152 
thrower using processes described in the following subsection. 153 
 154 
Data Analysis  155 
Separation angle magnitude at key instances was determined to allow the relationship between 156 
separation angle and performance to be assessed. Separation decreases during double support 157 
and increases during single support which was highlighted in the Introduction.6,16 This results 158 
in there being a maxima and minima in the time-series data within each turn. In this study, 159 
separation angle was defined as being positive when the pelvis lead the thorax, which is the 160 
case for the majority of the throw.6 Coaching literature suggests separation angle is at its 161 
maximum during single support and minimum in double support. 6,16,18 Technical execution 162 
during double support was the focus here, as this position is when a thrower is most stable and 163 
most capable of manipulating technique. Focusing on double support provides more applicable  164 
data for athletes and coaches. Minima in the separation angle were determined mathematically 165 
for each turn and then averaged over each participant’s ten throws. The averaged value 166 
calculated is the minimum separation angle mean for each participant’s four turns. 167 
 The relationship between separation angle at its smallest and performance was 168 
examined for each turn. Performance was measured by using release speeds and distances 169 
thrown during data collection. The optimal distance thrown was also calculated for each throw. 170 
Optimal distances and release speeds were examined in addition to the measured distances as 171 
throwers may have utilized sub-optimal release heights and angles during data collection. 172 
Using a calculated distance also removes the influence of aerodynamic forces on performance. 173 
Optimal distance thrown (RC) was calculated using the following equation,26 where release 174 
height (h0) and release angle (θ) were optimized for each individual. 175 
𝑅𝑅𝐶𝐶 = ℎ0 tan 2𝜃𝜃         (1) 176 
Release height was optimized by being set as high as possible. This position is shoulder height 177 
in the hammer throw due to anatomical constraints.1,2,3,6,16 Shoulder height was determined 178 
using the vertical position of the acromion process markers. The optimal release angle (θ) for 179 
each throw was determined using the following equation, where shoulder height (h0) and 180 









        (2) 182 
Data were assessed for normality and homogeneity and were found to not violate these 183 
assumptions. Pearson’s product moment correlation (r) was determined for each turn to 184 
measure the strength of the relationships between the performance measures and minimum 185 
separation angle. This measure indicates the magnitude of association, and whether it was a 186 
positive or negative association. A relationship was deemed significant if p < 0.05. A 187 
confidence interval of 95% for each correlation coefficient was computed,27 and correlate 188 
magnitudes were classified using definitions described by Hopkins.28 Scatterplots of the 189 
bivariate relationships were also explored to confirm the assumption of linearity.27 Post-hoc 190 
power analyses29 were performed to assess the statistical power of the correlates. This is 191 
particularly important in situations where sample sizes are small. The subsequent power was 192 
deemed adequate if greater than 80%.30 193 
 194 
  195 
Results 196 
 197 
Separation angle (Figure 4) was predominantly positive indicating that the pelvis typically 198 
leads the thorax for the throw duration. The separation angle increased during single support 199 
and decreased during double support. 200 
 201 
 202 
Figure 4. Traces of the separation angle for (a) male four turn thrower and (b) female four turn 203 
thrower Note: black lines at the bottom of each graph indicate when the athlete is in double 204 
support. 205 
 206 
Very strong, significant correlations (p = 0.01) were found in the first two turns between 207 
the separation angle and both the measured and calculated distances (Table 1). The calculated 208 
distance correlates were larger than the measured distance correlates. Very strong and 209 
significant relationships (p = 0.04) were found in all four turns between separation angle and 210 
release speed (Table 1). All correlates were negative indicating that when the separation angle 211 
was larger, performance decreased.  212 
Table 1: Person’s product moment correlation (r) for the relationship between the separation 213 
angle at its smallest and measured distance thrown (RM), distance thrown calculated using 214 
equation (1) and optimal release conditions (RC), and release speed (v0). Significance level 215 






r p Power Lower CI Upper CI 
1 RM -0.86* 0.03 0.70 -0.98 -0.15 
 RC -0.92* 0.01 0.87 -0.99 -0.41 
 v0 -0.93* 0.01 0.90 -0.99 -0.47 
2 RM -0.82* 0.05 0.60 -0.98 -0.03 
 RC -0.95* 0.00 0.94 -0.99 -0.62 
 v0 -0.97* 0.00 0.98 -0.99 -0.74 
3 RM -0.70 0.12 0.37 -0.96 0.26 
 RC -0.81 0.05 0.58 -0.98 0.02 
 v0 -0.87* 0.03 0.73 -0.99 -0.20 
4 RM -0.61 0.19 0.26 -0.95 0.39 
 RC -0.77 0.07 0.49 -0.97 0.11 
 v0 -0.84* 0.04 0.65 -0.98 -0.08 
Note: Asterisks indicate statistical significance (p < 0.05 and zero not contained in CI). 218 
 219 
 Statistically significant correlates ranged from -0.82 to -0.97. Upper and lower bounds 220 
of the 95% confidence intervals of the significant correlates suggest the relationships are likely 221 
to be moderate to very strong for this cohort. The exceptions are the correlation between 222 
minimum separation angle in the first two turns and measured distance, and the correlation 223 
between minimum separation angle in the final two turns and release speed where the 224 
relationships are weaker. Power values obtained from the post-hoc power analyses (Table 1) 225 
revealed statistical power was above 80% for most statistically significant correlates in the first 226 
two turns. Analyses of the correlates also highlight the benefits of using a number of 227 
performance indicators. The full strength of the relationship may not have been apparent for 228 
this cohort if only measured distance was considered. It should be noted that participants were 229 
using sub-optimal release conditions, evidenced by the fact that calculated distances were 230 
greater than measured distances (Table 2).  231 
 232 
Table 2: Averages of the separation angle at it smallest over all turns, measured distance 233 
thrown (RM), calculated distance thrown (RC), release speed (v0), difference between optimal 234 
release height and actual release height (Δh0), and difference between optimal release angle 235 














M -0.89 (4.54) 58.50 (2.12) 63.86 (2.52) 24.73 (0.50) 0.16 (0.08) 7.10 (0.77) 
M 3.64 (5.16) 57.94 (2.24) 63.28 (1.93) 24.62 (0.40) 0.55 (0.13) 8.78 (2.34) 
F -1.15 (4.52) 56.17 (3.21) 63.57 (2.99) 24.68 (0.61) -0.09 (0.09) 6.82 (1.06) 
F 9.81 (3.26) 54.47 (4.91) 60.69 (4.83) 24.12 (1.02) 0.02 (0.13) 3.59 (1.17) 
F 4.77 (3.30) 54.14 (1.59) 60.32 (2.43) 24.01 (0.50) -0.08 (0.14) 3.94 (0.97) 
F 11.42 (4.18) 52.92 (1.60) 58.61 (1.77) 23.70 (0.37) -0.17 (0.15) 1.08 (1.45) 
Note: Positive Δh0 indicates average release height is below shoulder height. Positive Δθ indicates average release 238 




The hammer throw is highly technical and one of the most complicated events to learn in track 243 
and field. Coaching strategies for improving technique are designed to increase hammer speed 244 
at release and should be designed using objective data reported by researchers and trained 245 
coaches. Central to coaching strategy design are data that describe how body segments 246 
influence performance. One body segment thought to strongly influence hammer speed 247 
development is the thorax.5,6 248 
In other rotational activities, such as golf and discus, both shoulder-hip separation angle 249 
and thorax-pelvis separation angle have been used to examine the influence of thorax 250 
movement on performance.11,12,13,14,15 Similar work was done here to assess the influence of 251 
thorax movement on hammer throw performance. The pelvis typically leads the thorax during 252 
a throw with the pelvis-leading magnitude increasing during single support while decreases 253 
during  double support.6,8,16,18 The time-series separation angle data reported here (Figure 4) 254 
supports this belief.  255 
 Analyzing time-series data alone does not explicitly show relation to performance. The 256 
associations reported here provide insight, although care should be taken when interpreting 257 
these due to the small sample size and grouping of genders. The observed associations (Table 258 
1) reveal that when throwers reduced separation to a smaller value during double support, 259 
performance was improved. Although thorax-pelvis separation was quantified here, the 260 
findings of this study supports those that focus on shoulder-hip separation where it is 261 
recommended in coaching literature case studies that throwers should aim to reduce separation 262 
during the double support phases.5,18 This recommendation, in conjunction with the 263 
recommendation of optimizing separation during single support, is a technical point that is 264 
often misunderstood and not properly coached. A thrower can easily increase separation during 265 
single support; however, this results in a more unstable position when the thrower returns to 266 
double support18 and can lead to decreases in speed.16 During double support it is recommended 267 
that throwers should focus on reducing the separation angle, being in an unstable position may 268 
impact on this. In the early turns, which are performed at slower speeds, throwers may be able 269 
to account for this. However, as the speed increases, throwers may not be able to account for 270 
this instability. It is recommended that throwers can reduce this instability by aiming for the 271 
separation to be between 20 and 40°.18 A separation larger than 40° during turns one and two 272 
is a technical flaw that many coaches miss.   273 
 The technique adjustment recommended here should be primarily applied to the first 274 
and second turns of four turn throwers. However, it may be of greatest benefit for throwers to 275 
focus first on applying this to the second turn before focusing on other turns, as the strongest 276 
association occurs within the second turn (Table 1). 277 
 Significant associations were also observed between minimum separation angle and 278 
release speed in the third and fourth turns. However, these findings were underpowered (Table 279 
1), due to unavoidably small sample size and lower level of significance, and should be 280 
interpreted with caution. For these two turns, significant associations were not observed 281 
between measured and calculated distances which further highlights why caution should be 282 
applied here. A possible association may exist in these turns that was not detectable here. It 283 
could be beneficial for an athlete to eventually focus on optimizing separation during the 284 
double support phases of all turns with care being taken when applying adjustment to the third 285 
and fourth turns. Performance should be monitored to assess if other technical issues arise from 286 
optimizing separation.  287 
It is suggested that throwers optimize separation during single support and attempt to 288 
reduce it in double support.  It is currently unknown if throwers can actively manipulate this. 289 
However, a thrower is most stable during double support, which may make it possible for 290 
performers to apply this technical cue through targeted training.  291 
 Finally, it should be noted that the findings reported here are constrained to this cohort 292 
of four turn throwers. A small sample was also examined, meaning care should be taken when 293 
interpreting these results. In future studies it would be preferable to examine the genders 294 
separately, as the different hammer weights may lead to different kinematics. Further 295 
investigation involving a larger number of similarly skilled athletes should be carried out to 296 
determine a baseline for key critical factors to maximize performance. While this current study 297 
had a number of unavoidable limitations, due to the inclusion criteria, this study gives 298 
important insight into how throwers may be able to improve performance through the 299 




By utilizing this scientific approach to the hammer throw event, the throws coach will be able 304 
to make more accurate adjustments and devise training stimuli to better accommodate the 305 
athlete. The separation angle between the thorax and pelvis during the hammer throw was 306 
examined in this study. The association between the separation angle and performance was 307 
analyzed as it was thought a thrower could manipulate this, particularly during double support. 308 
The results indicate that this cohort of throwers should aim to reduce the separation angle 309 
during double support, particularly during the first and second turns.  310 
In conclusion, the findings of this study can be used by coaches to make technical 311 
interventions to improve performance. Coaches may look to the causal relationship between 312 
single support and double support to optimize the separation angle during double support. 313 
Previous work has suggested throwers should ensure the amount of separation at the conclusion 314 
of the single support phase should be a modest 20 and 40°, which results in the thrower being 315 
in a more stable position15. With the findings of this current study in mind, being in a more 316 
stable position will allow the thrower to be in a stronger position to reduce the magnitude of 317 
separation which was found here to be related to performance. 318 
 Future research should be undertaken to assess if the relationships found here are 319 
present for throwers within different skill levels. Additional research should be performed to 320 
determine how technical adjustments improve performance using the recommendations made 321 
in the present study. 322 
 323 
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